OBJECTIVE: This study investigated whether extraperitoneal colostomy without damaging the muscle layer of the abdominal wall is an improved surgical procedure compared with conventional sigmoid colostomy in patients undergoing abdominoperineal resection. METHODS: Patients with rectal cancer undergoing abdominoperineal resection were selected and randomly divided into two groups: the study group received extraperitoneal colostomy without damaging the muscle layer of the abdominal wall and the control group received conventional colostomy. Clinical data from both groups were analysed. RESULTS: A total of 128 patients were included: 66 received extraperitoneal colostomy without damaging the muscle layer of the abdominal wall and 62 received conventional colostomy. Significant differences between the two groups were found in relation to colostomy operating time, defaecation sensation, bowel control and overall stoma-related complications. Duration of postoperative hospital stay was also significantly different between the study groups. CONCLUSIONS: Extraperitoneal colostomy without damaging the muscle layer of the abdominal wall was found to be an improved procedure compared with conventional sigmoid colostomy in abdominoperineal resection, and may reduce colostomy-related complications, shorten operating time and postoperative hospital stay, and potentially improve patients' quality of life.
Introduction
The incidence of rectal cancer in China has risen in recent years, the most common form being that of the lower rectal region. 1, 2 Though the rate of preservation of the anus in rectal cancer surgery has improved with use of anastomosis, 3, 4 some patients still require abdominoperineal resection. Permanent sigmoid colostomy is an important component of abdominoperineal resection, but has an impact on patients' physical and mental well-being. Statistical evidence has shown that approximately a quarter of patients present with poor mental adjustment in the adaptive period following enterostomy, displaying obvious psychological symptoms such as depression. 5, 6 In addition, the occurrence of stoma-related complications further exacerbates patients' physiological and Extraperitoneal colostomy without damaging abdominal muscles psychological trauma. The appearance and structure of the stoma are important issues that directly affect patients' lives and should be given consideration in ongoing clinical studies to improve colostomy, reduce the incidence of relevant complications and provide patients with a well-functioning abdominal wall stoma.
The present study investigated whether extraperitoneal sigmoid colostomy without damaging the muscle layer of the abdominal wall is an improved procedure compared with conventional sigmoid colostomy in patients undergoing abdominoperineal resection.
Patients and methods

STUDY POPULATION AND DESIGN
The study was conducted at The Second Hospital of Jiaxing, Jiaxing, China, between January 2002 and December 2010. Consecutive patients diagnosed with rectal cancer following colonoscopy and pathological examination of biopsy before abdominoperineal resection were included and randomly assigned to one of two groups using a sealed envelope method: patients in the study group were assigned to receive extraperitoneal sigmoid colostomy without damaging the muscle layer of the abdominal wall; patients in the control group were assigned to receive conventional abdominal wall penetrating sigmoid colostomy. Outcome measures included duration of operation, postoperative length of hospital stay, defaecation sensation, the ability to control the bowels and stomarelated complications.
The rectal cancers in the two groups were given a Dukes' stage score 7 of A -D, defined as: A, cancer invading into but not through the bowel wall; B, cancer invading through the bowel wall but not involving lymph nodes; C, cancer involving the lymph nodes; and D, cancer with widespread metastases.
Those patients with concurrent cardiac, respiratory, renal or hepatic failure, tumour metastasis of the peritoneum, or severe psychiatric disorders were excluded from the study.
Written informed consent was obtained from all participants and the study protocol was approved by the Ethics Committee of The Second Hospital of Jiaxing.
SURGICAL PROCEDURES
All operations were performed in adherence with the general principles of total mesorectal excision according to the following procedure: separating the sigmoid and rectum; cutting off the artery and vein under the mesentery and cleaning up the mesenteric lymph nodes after high ligation; cutting off the intestinal canal in the middle part of the sigmoid with far-end ligation and packing the incised end into a surgical glove to avoid contamination; and separating the rectum downward to the levator ani muscle before excising the tumour from the perineum.
For the study group, a stoma of 3 cm in diameter was located 3 cm above a point one-third of the way along a line connecting the left anterior superior iliac spine, the navel and outer edge of the abdominal straight muscle. The aponeurosis of the abdominal external oblique muscle was exposed by excising skin and subcutaneous tissue. An adequate length along the direction of the aponeurosis fibre was cut sulci. Separation under the skin was continued, expanding the extraperitoneal abdominal wall passage according to the size of the intestinal canal and its mesentery to accommodate three or four fingers. This ensured the end of the sigmoid and its mesentery had no obvious resistance or pressure in order to avoid intestinal canal damage and avoid any blood supply disorder.
The stoma was positioned so that the angle between the intestinal canal and abdominal wall was > 90° and the side peritoneum covered the surface of the intestinal canal without tension. Negative pressure on the intestinal canal would make the stoma open up in a 'V' shape. The side peritoneum and seromuscular layer of the intestinal canal were fastened with two stitches and the aponeurosis of the abdominal external oblique muscle and seromuscular layer of the intestinal canal were secured with two to three stitches. To form the subcutaneous storage bag, an adequate length of the intestinal canal was preserved under the skin. Finally, the cut end of the intestinal canal and stoma skin were sewn continually with 3-0 absorbable sutures and the enteroproctia stoma was completed.
Other procedures were the same as the standard procedures carried out for conventional sigmoid colostomy (control group).
STUDY ASSESSMENTS AND FOLLOW-UP VISITS
The length of the colostomy procedure and duration of postoperative hospital stay were recorded. All patients were scheduled to attend follow-up visits at monthly intervals for the first 6 months, once every 3 months during the subsequent 6 months and once every 3 -6 months after 1 year. During the follow-up visits, defaecation sensation, the ability to control the bowels and stomarelated complications were recorded and compared.
STATISTICAL ANALYSES
Data were analysed using the SPSS ® software package, version 13.0 (SPSS Inc., Chicago, IL, USA) for Windows ® . The Student's t-test was used to compare measured data and the χ 2test was used to compare patient number data between the two groups. A P-value < 0.05 was considered to be statistically significant.
Results
A total of 128 patients were enrolled in the study: 66 in the study group and 62 in the control group; overall age range 34 -76 years. There were no statistically significant between-group differences in relation to gender, mean ± SD age and tumour stage ( Table 1 ). There were no deaths in either group during the perioperative period spent in hospital.
Results for the outcome measures are presented in Table 2 . Statistically significant differences between the two groups were seen in duration of surgery (P < 0.01), length of postoperative stay in hospital (P = 0.03), defaecation sensation (P < 0.01) and bowel control (P < 0.01).
The total number of patients with stomarelated complications was significantly lower in the study group compared with the control group (P < 0.01; Table 3 ). In the study group, there was one case of stoma retraction and collapse and one case of stoma blood supply disorder during the perioperative period. These were remedied by undoing the suture, trimming the storage bag of the intestinal canal and resuturing, which was performed at the bedside without anaesthesia while the patient was in L-R Dong, Y-M Zhu, Q Xu et al. Extraperitoneal colostomy without damaging abdominal muscles recovery on the ward. In the control group, there were five cases of stoma paracolic sulci hernia (internal hernia), which were corrected through reoperation with further requirement for anaesthesia, and three cases of stoma retraction and collapse and four cases of stoma blood supply disorder that were remedied as described above for the study group.
Six patients did not attend follow-up after the operation and could not be contacted by phone (four in the study group and two in the control group), giving a rate of completed follow-up visits of 95.3% (122/128 visits). The range of follow-up visits covered 6 -60 months for all patients, comprising 12 cases within 6 -12 months, 63 cases within 12 -36 months and 47 cases within 36 -60 months.
Discussion
According to available reports, the incidence of complications ranges from 22 to 58% after sigmoid colostomy. 8 , stoma stenosis and inflammation around the stoma. The incidence of complications in the extraperitoneal colostomy group in the present study was significantly lower than in the conventional sigmoid colostomy group and possible explanations are discussed below.
First, conventional sigmoid colostomy can cause iatrogenic abdominal wall defects by traversing the muscle fibre and damaging the structure of the abdominal wall. 10 Corpulent patients have a thickened mesentery and larger interspace between the abdominal wall and the sigmoid for the stoma, which can cause abdominal wall stoma hernia complications.
Secondly, conventional sigmoid colostomy operations can be cumbersome, requiring suture of the peritoneal space between the sigmoid mesentery and the left paracolic sulci, interrupted suture of the stoma intestinal canal and parietal peritoneum layer, abdominal muscle sheath or aponeurosis layer, and interrupted suture of the open end of the intestine and the stoma skin. In cases of inadequate suture, paracolic sulci hernia or blood circulation disorders of the intestinal stoma may occur, 11, 12 which cause tissue necrosis and collapse of the stoma intestinal canal.
Thirdly, in conventional sigmoid colostomy the colon passes directly through the abdominal wall via a short tunnel and so has little surrounding supporting tissue. An excessively loose stoma tunnel and excessive tissue folding of the stoma colon with the sigmoid presenting in a tense state can result in stoma retraction or prolapse occurring due to gravity and tension. 13 With extraperitoneal neostomy and avoiding damage to the muscular layer of the abdominal wall, however, a gap is created in the muscle fibre of the abdominal external oblique muscle, the abdominal internal oblique muscle and the abdominal transverse muscle. The intestinal canal for the stoma is dragged out from the space between mutually crossed muscle fibres without causing abdominal wall defects. The parietal peritoneum covering the surface of the dissociative sigmoid in the peritoneal cavity eliminates the space between the paracolic sulci and the intestinal canal between the mesentery and the abdominal wall. The intestinal canal of an extraperitoneal colostomy may develop wide 14 The total number of patients with stomarelated complications was significantly lower in the study group compared with the control group. Though there were fewer individual cases of stoma paracolic sulci hernia, stoma retraction and collapse, stoma blood supply disorder and stoma prolapse in the study group compared with the control group, these were not statistically significant. This was probably due to the small sample size in each group.
According to previous reports, 13 -17 the incidence of parastomal hernia in conventional sigmoid colostomy is relatively high, reaching 36.7%. Tissues surrounding the stoma are directly affected by intraabdominal pressure in traditional neostomy and the integrated structure of the abdominal wall is damaged. Factors such as severe coughing, massive ascites, stoma stenosis, heavy labour and benign prostatic hyperplasia can easily result in parastomal hernia.
Due to abundant nerve endings in the parietal peritoneum, faeces stimulate the peritoneal nerves to arouse a sense of defaecation. Following extraperitoneal colostomy, a new defaecation reflex may be established when faeces pass through the intestinal canal covered by the peritoneum, resulting in varying levels of defaecation control being achieved through contraction of abdominal muscles. In the present study, 77.3% of patients in the extraperitoneal stoma group had some sense of defaecation after the operation, significantly higher than the 16.1% of patients in the control group. In the extraperitoneal stoma group, 30.3% of patients had some ability to control defaecation, whereas none of the patients who underwent conventional sigmoid colostomy had such control. Promoting a sense of defaecation and bowel control effectively improves the quality of life for colostomy patients. 18 In conclusion, extraperitoneal colostomy without damaging the muscle layer of the abdominal wall can simplify the stoma operation, save surgery time, reduce damage to the structure of the abdominal wall, reduce the occurrence of stoma-related complications and shorten the length of postoperative hospital stay, potentially improving patients' quality of life.
